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(54) Controlled delivery capsule 

(57) A capsule for the controlled re- 
lease of an active material, e.g. into 
soil comprises an insoluble tubular 
housing (1 1) containing a number 
of water soluble or biodegradable 
partition walls (13) defining one or 
more hermetically sealed compart- 
ments, (12) filled with the active 
material (14), e.g. an insecticide. 
When the capsule is in contact with 
water or an aqueous medium the 
partition walls (13) slowly dissolve 
or degrade thus releasing the active 
material after a predetermined de- 
lay. 
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SPECIFICATION 

Controlled delivery capsule 

5 This invention relates to devices for releasing 
controlled quantities of an active material, and 
in particular to capsules for releasing active 
materials, e.g. pesticides, into soil or an aque- 
ous medium. 

1 0 Active materials such as pesticides are gen- 
erally applied to growing crops and /or to the 
soil in the form of sprays or dusting powders. 
Crop spraying and dusting are relatively costly 
operations. The conventional techniques in- 

1 5 volve a high investment in application equip- 
ment and a large proportion of the applied 
material is in fact ineffective as it is lost either 
by drifting away from the application site or 
by failure to deposit on the particular treat- 

20 ment point required. Thus, when applying 
such a material to a growing crop and/or to 
the soil, a considerable degree of 'overkill' 
must be allowed for. Not only is this needles- 
sly expensive in the use of materials but it is 

25 also environmentally undesirable. Spray or 
dust drift can damage plants and/or animals 
adjacent the treated region. There is also 
considerable concern that the excessive quan- 
tities of active materials required with present 

30 techniques can build up the soil and cause 
permanent enviromental damage. 

A further disadvantage of the conventional 
methods of application is that the material 
supplied in such ways are of course active 

35 immediately and so have to be applied obliga- 
tor^ at the time when, or not long before, 
they are needed. It is thus not, for example, 
possible to apply a material when a crop is 
planted and for the material to remain inert 

40 until the time or rapid growth of the crop 
when it may be needed most. 

Furthermore, means have been described, 
hitherto, of preparing controlled or delayed 
release materials, but products of such a type 

45 suffer from one or more of the following 
disadvantages: they are too expensive to be 
cost-affective; the rate of release or delay-time 
is not reproducible; or the delivery-system 
cannot be used when it is necessary to dis- 

50 perse material uniformly over a large area. 
The object of the present invention is to 
minimise or to overcome these disadvantages. 

According to one aspect of the invention 
there is provided a device for the controlled 

55 release of one or more active materials, in- 
cluding a water insoluble body having one or 
more compartments each for receiving a 
quantity of the active material and each sealed 

f by a partition formed from a water soluble or 

60 biodegradable material. 

According to another aspect of the inven- 
tion there is provided a method of making a 
device for the controlled release of active 
materials, said method including extruding a 

65 plastic tube, and simultaneously filling the 



tube bore with water soluble or biodgradable 
cylindrical bodies of substantially the same 
diameter as the tube and interposed with 
quantities of the active material so as to 

70 provide a tube having a plurality of hermeti- 
cally sealed compartments each of which con- 
taining active material, and cutting said filled 
tube into portions each of which contains at 
least one compartment. 

75 According to a further aspect of the inven- 
tion there is provided an apparatus for manu- 
facturing devices for the controlled release of 
active material, including means for extruding 
a tube of a plastic material, means for filling 

80 said tube with a plurality of cylindrical bodies 
of a water soluble or biodegradable material 
of substantially the same diameter as the tube 
and interposed with quantities of active mate- 
rial so as to define a plurality of hermetically 

85 sealed compartments each of which contains 
the active material, and means for sectioning 
the filled tube into portions each of which 
contains at (east one of said components. 
The techniques described herein provide a 

90 controlled delivery system wherein the active 
material is released selectively and at a pre- 
determined period after application. For exam- 
ple, pesticides for agricultural crops can be 
dispensed by sowing the encapsulated pesti- 

95 cide at the same time as the seed. Release of 
the pesticide is timed io take place at a 
particular stage of the crop development, e.g. 
when attack by % pest is expected. In particu- 
lar the release of the active material can be 
1 00 present to coincide with the breeding cycle of 
the pest to be controlled. 

In a further embodiment a plurality of pesti- 
cidal materials may be encapsulated in a 
single capsule, each material occupying a sep- 
I05 arate compartment of the capsule. Release of 
the contents of each individual compartment 
can be timed to coincide with various stages 
of growth of a crop. 

The term 'pest' as employed herein refers 
110 not only to the more common insect predators 
but is also understood to include other animal 
predators such as nematodes and molluscs, 
and disease predators such as fungi and bac- 
teria. 

115 In another embodiment a pest-attractant are 
included in one capsule and a biocidal mate- 
rial is included in another compartment of the 
same or of a separate capsule the composite 
system being so designed that the release of 

1 20 the attractant is effectively co-temporal with 
the release of the biocide. An example is the 
control of bilharyia by the inclusion of one of 
the known water-snail attractants such as the 
aliphatic acids and a suitable molluscide as 

1 25 the biocide, the system being used in water 
bodies infested with water snails which act as 
vectors for the schistosome parasite. 

In yet another embodiment of the body of 
the capsule is made of a biologically inert 

1 30 plastic, and the capsule is implanted in an 
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animal or human. The active material can be 
released in a single pulse at a predetermined 
time after implantation or in a series of pulses 
at predetermined intervals. The active material 
5 can be, for example, a pharmaceutical, a 
hormone, an antibiotic, or a parasiticide. 

Embodiments of the invention will now be 
described with reference to the accompanying 
drawings in which:- 
1 0 Figure 1 is a sectioned view of a capsule for 
releasing an active material; 

Figures 2 and 3 are sectioned views of two 
further forms of the capsule of Fig. 1 ; and 
Figure 4 is a schematic diagram of an 
1 5 apparatus for manufacturing the capsules of 
Figs. 1, 2 and 3. 

Referring to Fig. 1, the capsule comprises a 
tubular housing 1 1 of a water insoluble mate- 
rial, preferably made of a plastic material such 
20 as polyvinyl chloride (PVC), having one or 
. more hermetically sealed compartments 1 2 
therein defined by partition walls 1 3. Each 
compartment 1 2 contains a quantity of an 
active material 14, e.g. a pesticide. The parti- 
25 tion walls 1 3 are made of a water soluble 
material or of a biodegradable material. Ad- 
vantageously the partition walls 1 3 are made 
of a water soluble glass composition. This 
typically comprises a glass forming oxide to- 
30 gether with one or more glass forming oxides. 
The capsules are dispersed on to soil either 
by being broadcast or, advantageously, by 
'sowing' together with the seed of an agricul- 
tural crop to be protected. The partition walls 
35 13 are then slowly dissolved by soil moisture, 
the rate at which dissolution is effected being 
determined by the water solubility of the wall 
material. The time taken for complete dissolu- 
tion to release the capsule contents is deter- 
40 mined by the thickness and composition of 
the partition wall 13. 

By suitable choice of partition wall thickness 
and dissolution rate the period between appli- 
cation of the capsules and release of their 
45 cpntents can be adjusted to coincide with a 
predetermined treatment timetable. 

As previously stated we prefer to construct 
the partitions 1 3 from a soluble glass compris- 
ing a glass forming oxide together with one or 
50 more glass modifying oxides. A glass forming 
oxide is defined as an oxide, for example 
phosphorus pentoxide or boric oxide, which is 
capable of forming a glass without the addi- 
tion of further materials. A glass modifying 
55 oxide is defined as an oxide which, whilst it is 
not capable of itself of forming a glass, can 
form a glass in association with a glass form- 
ing oxide. The addition of a glassd modifying 
oxide to a glass forming oxide modifies the 
* 60 physical properties of the latter. In particular 
the formation of a glass modifying oxide pro- 
duces a material having water dissolution 
properties differing from those of the glass 
former alone. 
65 Some glass modifymQ oxides have a com- 



paratively small effect on the dissolution rate 
of the glass former whilst others have a rela- 
tively large effect. It is thus possible to pro- 
duce glasses over a wide range of composi- 
70 tion and dissolution rates. Furthermore, when 
a composition having a dissolution rate near 
to a desired value has been formed, final 
adjustment may be made by adding small 
quantities of particular dissolution rate deter- 
75 mining oxides. For example we have found 
that the dissolution rate of a glass can be 
decreased by the incorporation of alumina or 
an oxide of a Group II metal. The technique of 
glass dissolution rate control is mor fully de- 
80 scribed in our co-pending application No. 
7930041 (C. F. Drake 70). 

For the purposes described herein we prefer 
to employ glasses incorporating phosphorus 
pentoxide as the glass forming oxide. Suitable 
85 glass modifying oxides include, but are in no 
way limited to, calcium oxide, magnesium 
oxide, zinc oxide, alkali metal oxide, and alu- 
mina. 

It will be clear to those skilled in the art that 
90 although oxide glasses are referred to their 
precursory materials need not be in the oxide 
form. It will also be clear that though the 
constituents of an oxide glass are described as 
and quantitively analysed as oxides, the dis- 
95 creet stoichiometric oxides are not necessarily 
present. 

An alternative capsule is shown in Fig. 2. In 
this arrangement the tube ends are sealed 
each with an insloluble plug 21, the space 

1 00 within the tube being divided by soluble parti- 
tion walls 13, 213 into compartments 12 as 
before. One end compartment 212 is pro- 
vided with an opening 22 whereby soil mois- 
ture can enter the capsule to attack the ex- 

105 posed partition wall 21 3. After this wall 213 
has dissolved releasing the contents of the 
first compartment the next wall 1 3 is exposed 
to attack and so on. In this way release of the 
active material 1 4 occurs as a series of bursts. 

110 The capsule shown in Fig. 3 is designed to 
release its compartment contents with an in- 
creased delay between successive releases. 
The compartment walls 31 3, 314, 31 5 are of 
increasing thickness so that dissolution to ex- 

115 pose each compartment takes successively 

longer periods of time. To ensure that dissolu- 
tion takes place from one end only of the tube 
the other end is sealed with an insoluble plug 
21. 

1 20 The active material contained in the com- 
partment 1 2 of the capsules of Figs. 1 , 2 and 
3 may comprise, but it is not limited to, an 
inseticide, a fungicide, a fertiliser or mixtures 
thereof. In a further embodiment the partition 

1 25 walls 1 3 themselves may also contain an 
active material. For example the walls ™ a Y 
incorporate copper which acts as a fungicide 
and a molluscide, or they may incorporate one 
or more trace elements necessary for success- 

1 30 ful crop production. In another application. 
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where the capsules ar3 to be employed in an 
arid enviroment, one or more compartments 
may contain water so that dissolution of the 
walls 1 3 to release the active material is 
5 effected internally. 

Fig. 4 is a shcematic diagram of an appa- 
ratus for manufacturing the capsules of Figs. 
1, 2 or 3. The apparatus is based on a plastic 
melt extruder and includes a chamber 41 

10 from which molten plastic material, for exam- 
ple PVC, is extruded under pressure via a die 
42 and nozzle 43 to form a tube 44. 

The extruder nozzle 43 has an opening 45 
through which soluble (e.g. glass) cylindrical 

1 5 members 46 interposed with measured quan- 
tities of an active material 47 are fed at a rate 
corresponding to the rata at which the tube 
45 is extruded. The extruded tube is cooled 
and is then sectioned into suitable lengths to 

20 produce the finished capsules. 

In some applications the nozzle 43 may be 
cooled to prevent thermal decomposition of 
the active material. However, as the passage 
of the material through the point will be rapid, 

25 in many applications ccoJing of the nozzle will 
not be necessary. 

Other methods of manufacture will be clear 
to those skilled in the art and the technique is 
not limited to the method of manufacture nor 

30 to the details of the geometry of the capsuie 
both which are are described here merely by- 
way of illustration. 

In a further process lengths of plastics tub- 
ing may be sealed at one end and then filled 

35 with the active material in a similar manner in 
which medicinal capsules are filled. A soluble 
glass plug is then inserted to provide a seal 
with the plastics tube so as to retain the 
material. 

40 It should be noted that the term 'soluble' 
used herein with reference to the tubular 
housing is not intended to mean that the 
housing must be completely insoluble, the 
term is also understood to include cases 

45 where the housing is in fact soluble or biode- 
gradable but at a rate sufficiently low thai the 
housing remains in being until the active 
material has been released by dissolution or 
degradation of the partition walls. 

50 

CLAIMS 

1 . A device for the controlled release of 
one or more active materials including a water 
insoluble body containing a compartment for 

55 receiving a quantity of the active material and 
a partition formed from a water soluble or 
biodegradable material sealing or adapted to 
seal the compartment. 

2. A device as claimed in claim 1, wherein 
*60 each partition is formed from a water soluble 

glass. 

3. A device as claimed in claim 2. wherein 
said glass incorporates phosphorus pentoxide 
or boric oxide as its principal glass forming 

65 oxide. 



4. A device as claimed in any one or 
claims 1 to 3, wherein said body is formed 
from a plastics material. 

5. A device as claimed in claim 4, wherein 
70 said plastic material is polyvinyl chloride 

(PVC). 

8. A device as claimed in any one of the 
preceding claims, wherein said one or more 
active materials comprises an insecticide, a 

75 nematocide, a moiiuscide, a fungicide, a fertil- 
iser, a pest attract ant, or mixtures thereof. 

7. A device as claimed in any one of 
ciaims 2 to 6 wherein said glass incorporates 
one or more biologically active materials. 

80 8. A device for the controlled release of 
one or more active materials, said device 
comprising a plastics tube containing a plural- 
ity of water soluble glass cylindrical bodies 
whereby the tube bore is divided into hermeti- 

85 caily sealed compartments, wherein each com- 
partment confines active material, and 
wherein the dissolution rate of the glass bod- 
ies is such that, when the device is contacted 
with water or moisture, the glass bodies dis- 

90 solve over a period of time to release the 
active materia! contained in the compart- 
ments. 

9. A device for the controlled release of 
one or more active materials substantially as 

95 described herein with reference to Fig. 1 , 2 or 
3 of the accompanying drawing. 

10. A method of treating an agricultural 
crop substantially as described herein with 
reverence to Figs. 1 to 3 of the accompanying 

100 drawings. 

1 1 . An agricultural crop treated by the 
method of claim 10. 

12. A method of making a device for the 
controlled release of one or more active mate- 

105 rials said method including extruding a plastic 
tube, and simultaneously filling the tube bore 
with water soluble or biodegradable cylindrical 
bodies of substantially the same diameter as 
the bore and interspaced with quantities of 

1 1 0 active material so as to provide a tube having 
a plurality of hermetically sealed compart- 
ments each of which contains the active mate- 
rial, and cutting said filled tube into portions 
each of which contains at least one said 

115 compartment. 

13. A method of making a device for the 
controlled release of one or more materials 
substantially as described herein with refer- 
ence to the accompanying drawings. 

120 14. A controlled release device made by 
the method of claim 12 or 13. 

1 5. An apparatus for manufacturing de- 
vices for the controlled release of active mate- 
rial, including means for extruding a tube of a 

125 plastic material, means for filling said tube 

with a plurality of cylindrical bodies of a water 
soluble or biodegradable material of substan- 
tially the same diameter as the tube and 
interspaced with quantities of active material 

1 30 so as to define a plurality of hermetically 
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sealed compartments each of which contains 
active material, and means for sectioning the 
filled tube into portions each of which con- 
tains at least one of said compartments. 

5 16. An apparatus for manufacturing de- 
vices for the controlled release of an active 
material, which apparatus is substantially as 
described herein with reference to Fig. 4 of 
the accompanying drawings. 

10 17- A method of making a device for the 
controlled release of one or more active mate- 
rials, including inserting a water soluble or 
biodegradable body into a housing so as to 
provide a seal with the housing, inserting the 

1 5 one or more active materials in the housing 
adjacent the body, and sealing the housing so 
as to encapsulate the materials. 
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